Many phylogeographic studies of various tree species have been conducted to elucidate the locations of refugia and the colonization patterns during the Pleistocene. However, only a few large-scale phylogeographic studies have been conducted on herbaceous plants, especially scarce on herbs that are adapted to disturbance. Artemisia indica is a fast-growing perennial herb found in open habitats. To examine the basic information on the genetic structure of this species, we investigated the chloroplast DNA variation within and among populations across Japan. We detected 26 haplotypes in 604 individuals from 28 Japanese populations. The haplotype A1 had wide geographic distribution, and its close relatives were locally present. Some putative ancestral lineages were found mainly in the Kyushu region. This may be because several lineages migrated from the Eurasian continent to the northern coast in Kyushu via the Korean peninsula during the Pleistocene, and the A1 haplotype expanded northward, whereas others remained in southern areas. Phylogenetic distant haplotypes were present mainly in the Kanto region. Because the geographic distribution pattern of these haplotypes in this region is believed to be unnatural, these haplotypes may be derived from commercial sources for re-vegetation during the last few decades.
Most species underwent range expansion and contraction, associated with the climate oscillation, during the Pleistocene (Hewitt 2000) . Such distribution and demographic changes have been noted in geographic patterns of the genetic variation (Avise 2000) . Therefore, phylogeographic studies of various plant species have been conducted to elucidate the locations of refugia during glacial periods and the resulting colonization patterns during interglacial periods (Abbott et al. 2000; Petit et al. 2003; Alsos et al. 2005; Iwasaki et al. 2012; Sakaguchi et al. 2012) .
Until now, most of the large-scale phylogeographic studies have been conducted on tree species and arctic and alpine species. Phylogeographical studies on herbaceous plants (Kikuchi et al. 2010; Jiménez-Mejías et al. 2012) , especially on the species that are well adapted to disturbances, are very few (Beck et al. 2008; Shimono et al. 2013) . These pioneer plants quickly colonize open spaces and subsequently disappear as succession advances. Therefore, populations of pioneer plants tend to appear and then disappear again within a relatively short time span. Their enhanced capacity for immigration, rapid growth, and short generation time results in admixture of populations derived from different origins and potentially obscure the biogeographic patterns that were created during the Quaternary Era. For a comprehensive understanding of phylogeographic structure, studies on various species with different life histories are required.
Artemisia indica Willd. var. maximowiczii (Nakai) Hara (synonym: Artemisia princeps Pamp.) is a common perennial herb in Japan (ranging from Kyushu to Hokkaido), Korea (Satake et al. 1981) , and China (Wu et al. 2011) . It spreads quickly in open habitats, including grassland and forest edges, and in human-created open sites, including roadsides, fallow fields, and abandoned lands. It propagates both by producing winddispersed seeds and by vegetative reproduction through stolons (Hayashi 1984; Barney and DiTommaso 2003) . There are 2 other closely related species in Japan: Artemisia montana (Nakai) Pamp. and Artemisia vulgaris L. var. indica (Willd.) Maxim. Artemisia montana is distributed northward from the Kansai district in Japan, the Kurile Islands and Sakhalin (Satake et al. 1981) , and China (Wu et al. 2011 ). This species grows in open sites in high altitudes. Artemisia vulgaris var. indica is distributed southward from the Kanto district in Japan, Taiwan, China, Thailand, and Indochina to India (Satake et al. 1981) . The classification of Artemisia in China does not correspond exactly with the Japanese classification; however, this species probably corresponds to A. vulgaris var. vulgaris in the Flora of China (Wu et al. 2011) . In addition to differences in their distribution, these 3 species are distinguished from each other by the size of the flower head (ca. 1.5 mm across in A. indica var. maximowiczii, ca. 2.5-3.0 mm across in A. montana, and 2.5-3.0 mm across in A. vulgaris var. indica; Satake et al. 1981) . Since ancient times, people have used these species. Young leaves have been eaten mixed with rice cake, and the white tomentum covering the lower leaf surface has been used in moxa cautery. Artemisia vulgaris has become invasive in New York State in both agricultural and roadside settings (Weston et al. 2005) .
Due to the pioneer characteristics of this species, Artemisia species are commonly used for re-vegetation in Japan. Increasing demand for native plants that are suitable for use in ecosystem restoration and re-vegetation projects (Richards et al. 1998; Beyers 2004 ) has created a growing market for native plants. However, nearly 99% of commercial seeds are imported from other countries, mainly China and South Korea (Ministry of the Environment, Ministry of Agriculture, Forestry and Fisheries, Forestry Agency and Ministry of Land, Infrastructure and Transport 2007) because seed collection in these countries is less expensive than that in Japan. These approaches have raised concerns over the maintenance of the genetic integrity of existing native populations (Montalvo et al. 1997; Hufford and Mazer 2003; McKay et al. 2005) . However, little is known about the genetics of native populations.
In the present study, we used chloroplast DNA (cpDNA) to investigate genetic variation in Artemisia species both within and among populations throughout Japan. Because cpDNA genes are maternally inherited in angiosperms and do not undergo recombination (Palmé et al. 2003) , cpDNA variation provides important clues to historical colonization processes (Petit et al. 2003) . Thus, we provide basic information about the genetic structure of Artemisia species. Furthermore, we tested the isolation by distance (IBD) (Wright 1943) , a significant correlation between the geographic and genetic distances between populations, and detected outlier populations that disrupt the pattern using a decomposed pairwise regression (DPR) analysis (Koizumi et al. 2006 ). The IBD is a commonly observed phenomenon in natural populations. This pattern occurs when populations in close are more genetically similar to each other because of frequent gene flow. However, this pattern can be influenced by the ecological traits of species, topography, and migration history following past climate oscillations, as well as by human activities.
Materials and Methods

Plant Materials
At flowering time in 2008, leaves were sampled from 28 natural populations in national parks covering most of the distribution range of A. indica var. maximowiczii in Japan (Table 1) . The sampling sites were far from re-vegetation sites. The sample size was more than 20 individuals per population when possible, with a minimum sample size of 10 individuals (Table 1) . To minimize excessive sampling from within the progeny of a single maternal plant, the individual samples were collected from plants at least 10 m apart. Plant DNA was collected using Whatman FTA cards (GE Healthcare, Tokyo, Japan). A fresh leaf segment from each individual was squashed on the card and dried at room temperature in silica gel until the samples could be prepared for polymerase chain reaction (PCR) amplification. One voucher specimen was also collected from each population. Species were identified based on the morphological characteristics of the voucher specimen. However, specimens from 2 populations (P24 and P25) did not have inflorescences, and therefore, we could not identify them. Specimens from 5 populations in Hokkaido (P01, P02, P03, P04, and P08) were identified as A. montana, and the others were identified as A. indica var. maximowiczii. Artemisia vulgaris var. indica was not included in these sampling populations (Table 1) . Artemisia indica var. maximowiczii and A. montana are hereinafter collectively called Artemisia species in this article. Vacuum-dried leaves of specimens were used for DNA extraction. Specimens were deposited at the National Institute for Agro-Environmental Sciences in Tsukuba, Japan.
As an out-group, we analyzed Artemisia japonica Thunb., which is native to Japan. We collected samples of this species in Gunma Prefecture, central Japan. Approximately 100 mg of leaf tissue was stored in a microcentrifuge tube at −80 °C until DNA extraction.
Haplotypes detected mainly in the Kanto region were phylogenetically distant from others. Because the geographic distribution pattern of these haplotypes in this region is believed to be unnatural, we presume that plants from re-vegetation sites were introduced and established in this region. Therefore, we also analyzed commercial seed sources imported from foreign countries to provide a comparison with the Japanese samples. Bulk seeds from Chinese or South Korean commercial sources imported from 2005 to 2008 were obtained from the Snow Brand Seed Co., Ltd (Sapporo, Japan). We obtained 1 lot from China in 2005, 2006, and 2008 , and 3 lots from China and 1 lot from South Korea in 2007. Seeds were germinated on moistened filter paper in 9-cm plastic Petri dishes. Some individual seedlings were transplanted into 1600 cm 3 pots containing potting soil (Prime Mix TKS-1, Sakata Seed Co., Yokohama, Japan). The pots were then placed in a glasshouse under natural sunlight. Plants were watered regularly. Approximately 100 mg of leaf tissue from each individual was collected and stored at −80 °C until DNA extraction. Other seedlings were used for DNA extraction at 10−14 days after germination.
DNA Extraction and PCR Amplification
FTA cards impregnated with leaf tissue of Artemisia species could not be directly used as the template for PCRs. We, therefore, initially punched fifteen 2-mm disks out of a FTA card for each individual and placed the disks in a 1.5-mL tube. The disks were washed twice for 5 min each with FTA Purification Reagent (GE Healthcare) and twice for 5 min each with TE -1 Table 1 Population number, region, location, coordinates, altitude, sample size (n), and number of haplotypes (nh) of the 28 populations from national parks in Japan and of samples from commercial seed source Population no. A population in which a specimen was not identified because of the lack of inflorescence.
buffer (pH 8.0). To elute the genomic DNA entangled within FTA cards, we incubated the disks in 50 μL of 0.1 N NaOH containing 0.3 mM ethylenediaminetetraacetic acid (pH 13.0) for 5 min. To this mixture, we added 93 μL of 0.1 M TrisHCl (pH 7.0). The mixture was vortexed and incubated for an additional 10 min. We extracted DNA from the suspension using a DNeasy Plant Mini Kit (Qiagen K. K., Tokyo, Japan). Total DNA of the collected specimens, plants from the commercial sources, and A. japonica was extracted from leaves using a DNeasy Plant Mini Kit. Amplifications of the following regions of cpDNA were performed by PCR: trnH (GUG)-psbA (Hamilton 1999) , trnL (UAA) intronFtrnF (GAA) (Taberlet et al. 1991) , and rpl20-rps12 region using primers F (5′-TGATCCACAAACGACGAAAA-3′; forward) and R (5′-CAGAAGCCCAAGCTTATGGA-3′). All PCR amplifications were performed in a 20-μL solution, with 1 μL of DNA, 0.5 μM of each forward and reverse primer, 1.5 mM MgCl 2 , 0.2 mM of each dNTP, and 0.5 U Ex Taq DNA polymerase (Takara Bio Inc., Shiga, Japan) in a ×1 concentration of the supplied buffer. The cycling conditions were as follows: an initial 3-min denaturation at 94 °C followed by 38 cycles of 30 s at 94 °C, 30 s at 55 °C, and 80 s at 72 °C, with a final extension of 8 min at 72 °C. The PCR products were purified with ExoSAP-IT (USB Corporation, Cleveland, OH) and directly sequenced in both directions in an ABI 3100 Genetic Analyzer (Applied Biosystems, Foster City, CA) with a Big Dye Terminator Cycle Sequencing Ready Reaction Kit (Applied Biosystems) with the same primers used for PCR.
Data Analysis
Sequencing data were aligned using version 2.6 of the SeqScape software (Applied Biosystems). We determined cpDNA haplotypes from nucleotide substitutions and insertions/deletions (indels) on a combined data set including all 3 cpDNA regions. Indels were treated as single-mutation events. The gaps caused by variation in the number of mononucleotide repeats were removed from the analysis. Phylogenetic relationships among haplotypes were inferred using the maximum-parsimony method provided by the PAUP* 4.0b10 software (Swofford 2003) with the heuristic search option. Confidence levels for each clade were assessed using a bootstrap approach with 1000 replicates. We also inferred relationships among the haplotypes on the basis of parsimony networks created using version 1.21 of TCS software (Clement et al. 2000) .
The parameters of population differentiation (G ST , N ST ) were estimated using the program PERMUT, version 2.0 (http://www.pierroton.inra.fr/genetics/labo/Software/ PermutCpSSR/index.html; Pons and Petit 1996) . The G ST value depends only on the haplotype frequencies, whereas the N ST value varies according to both the haplotype frequency and the similarities between haplotypes. To compare the G ST and N ST , a permutation test with 1000 permutations was conducted using the same program. If the N ST value is significantly higher than the G ST value, distinct haplotypes found in the same populations are presumed to be more closely related than distinct haplotypes from different populations, indicating phylogeographic structure (Pons and Petit 1996) .
To investigate the spatial distribution patterns of haplotypes in Japan, we tested for IBD by comparing the matrix of pairwise population differentiation for Nei's unbiased genetic distance (Nei 1978) , with the matrix containing the geographic distance by Mantel test. Nei's unbiased genetic distance and the geographic distance were calculated using GenAlEx version 6.4 software (Peakall and Smouse 2006) . The Mantel test was conducted using version 2.12.2 of the R software (R Development Core Team 2011). Significance was assessed using 9999 permutations. We then conducted DPR analysis (Koizumi et al. 2006 ) to detect outlier populations and to evaluate the relative strengths of genetic drift and gene flow for each population (for details of method, see Koizumi et al. 2006) . Briefly, the population showing the highest or lowest mean residuals of the regression of pairwise genetic and geographic distances was removed from the analysis if the 95% confidence interval of the mean residual value did not include 0. The fit of the IBD models with and without the outlier population was compared based on Akaike information criteria (AIC), where a model with a smaller AIC was plausible (Burnham and Anderson 2002) . Alternative models are equally likely when the difference between AICs is less than 2. These processes were repeated to determine the best model. Pairwise genetic and geographic distances were then regressed for each population including outlier populations and each population not including outlier populations (Koizumi et al. 2006) .
To visualize the genetic relationships among populations, we conducted principal coordinates (PCO) analysis (Gower 1966 ) based on a pairwise population matrix for Nei's unbiased genetic distance using GenAlEx.
Results
We identified 26 haplotypes from the 604 individuals sampled from the 28 Japanese populations and 13 haplotypes from the 118 individuals from the commercial sources. The aligned sequences of 3 cpDNA regions were approximately 2200 bp long and had 34 variable sites, 27 substitutions, and 7 indels (Table 2 ). These haplotype sequences were deposited in the DDBJ (accession numbers AB755288 to AB755374).
Phylogenetic relationships among the haplotypes are shown in the parsimony network (Figure 1) . We separated the haplotypes into 5 groups (A-E) and the other haplotypes besides the ones in groups A-E on the basis of their bootstrap support of more than 50% (Figure 1 ). Haplotypes not included in the groups showed a reticular relationship in the parsimony network (Figure 1 ) resulting from their low bootstrap support. Group A included haplotype A1, the most common haplotype in Japan and its derivatives. Haplotype A1 occurred in 25 of 28 Japanese populations and in approximately 54% of all individuals sampled in Japan. Other haplotypes were relatively restricted to particular localities (Figure 2) . Haplotypes A2-A5 were found 
only in Hokkaido. Specimens identified as A. montana were haplotype A2 in population P01 and haplotype A1 in other populations (P02, P03, P04, and P08). A1 and A2 haplotypes were also detected in A. indica var. maximowiczii. Therefore, A. montana and A. indica var. maximowiczii shared common haplotypes. Haplotypes belonging to group B were found mainly in Tohoku, the northern part of Kanto, and in Chubu. Haplotype B1 was the second most common haplotype after haplotype A1. Groups C-E were composed of haplotypes phylogenetically distinct from the other haplotypes. Haplotypes C1 and E2 were abundant in Kanto populations. Population P13 was composed only of haplotype C1, and haplotype E2 was accounted for about half of the individuals in population P11. Haplotype C1 was also detected in one individual of population P02 in Hokkaido. Haplotypes C3 and D1 were rare and were detected in one individual of population P20 in Kansai and one individual in population P05 in Hokkaido, respectively. The haplotypes besides the ones in groups A-E were found mainly in the southern part of Japan. These haplotypes were most closely related to the out-group species, A. japonica, indicating that the haplotypes were likely to be ancestral lineages. Haplotype 3 was the third most frequent haplotype and dominated in island populations (P25 and P28) in Kyushu. Haplotype 2 was detected in 3 populations (P11, P26, and P27). The other haplotypes were rare, each being restricted to a single population.
The haplotype compositions of individuals from the commercial sources were different by the lot (Figure 2 ). Table 1 .
The other text corresponds to the haplotype numbers in Table 2 and Figure 1 . South Korea in 2007 was haplotype A1; minor haplotypes 1, 3, and E1 were also detected. Then, the degree of population differentiation in Japan was estimated. The N ST value was 0.618 and was significantly higher than the G ST value (0.544, P < 0.001), indicating the existence of a phylogeographic structure.
Marginal significant pattern of IBD was observed when pairwise genetic and geographic distances were regressed including all populations (Figure 3 , Table 3 , r 2 = 0.0287, P = 0.0559). However, a significant relationship was detected in the regression eliminating population P13 (Table 3 , r 2 = 0.1533, P = 0.0010), which showed the highest mean residual. Five populations, P11, P13, P25, P26, and P28, were classified as outlier populations. Population P09 was not classified as an outlier because the difference of AIC between models including and not including population P09 was less than 2 (Table 3 ). Although the model without the outlier populations showed a marginal significant relationship (Table 3 , r 2 = 0.0226, P = 0.0549), the coefficient of the regression was very small (4.75 × 10 -6 ), meaning that genetic differentiation among populations was small. Each of the 5 outlier populations was separately regressed against the 23 nonoutlier populations (Figure 4 ). There were no significant relationships between genetic and geographic distance for populations P11 and P13 (P = 0.0742 and 0.824, respectively). Populations P25, P26, and P28 exhibited significant correlations (P = 0.0085, 0.0107, and 0.0136, respectively), and the coefficients of the regressions were larger than those of the 23 nonoutlier populations.
The genetic relationships among populations evaluated by PCO analysis (Figure 5 ) also showed that the outlier populations were located apart from the other populations. Population P13 was notably distant from the other populations. On the other hand, southern populations were located along the geographic location from east to west.
Discussion
The Japanese archipelago extends 3500 km from northeast to southwest, and because of this unique geographic presentation, the locations of refugia and the migration scenarios for Japanese deciduous broad-leaved forests species during and after glacial periods in the Quaternary Era have been elucidated using the phylogeographic patterns and fossil pollen data (Yasuda and Miyoshi 1998; Tsuda and Ide 2005; Hu et al. 2010; Iwasaki et al. 2012; Sakaguchi et al. 2012) . The study of several temperate forest species in Japan (Padus grayana [Maxim.] C.K.Schneid., Euonymus oxyphyllus Miq., Magnolia hypoleuca Siebold et Zucc., and Carpinus laxiflora [Siebold et Zucc.] Blume) has suggested that important refugia existed in the southern part of the Kanto region, the coast of the Sea of Japan in the Kinki district, and some other areas in the southern part of Japan (Iwasaki et al. 2012) . After the last glacial period, these species expanded separately northward from each of the refugia along the coast of the Sea of Japan or the Pacific coast (Iwasaki et al. 2012) . The authors have also suggested that refugia of these forest species did not exist in Hokkaido and Tohoku regions because of the lack of rare haplotypes in these areas (Iwasaki et al. 2012) . The distribution ranges of these species are well defined by climatic conditions. Therefore, most temperate forest species could not sustain their populations in the northern part of Japan during the last glacial maximum (LGM) around 25 000 to 15 000 years ago. Conversely, cool-temperate tree species such as Betula maximowicziana Regel and Fraxinus mandshurica Rupr. have higher levels of rare allelic richness in Hokkaido and Tohoku regions than southern areas, indicating the occurrence of refugia in these areas (Tsuda and Ide 2005; Hu et al. 2010) .
In Artemisia species, haplotype A1 had a wide geographic distribution, and several of its derivatives (haplotypes belonging to groups A and B) were detected in Hokkaido and Tohoku regions, where the frequency of derivatives in each population differed from each other. Such a "star phylogeny" is characteristic of a species that has expanded in size relatively recently from a small number of founders (Avise 2000) . A common ancestral-like haplotype typically lies at the center of star, and recent derivatives are independently connected to it by short branches (Avise 2000) . Given the low mutation rates typically observed in cpDNA (Wolfe et al. 1987) , haplotype A1 appears to have expanded widely during an earlier interglacial period rather than after the LGM. Artemisia populations could have existed in the northern part of Japan even during the LGM due to their ability to adapt to a wide range of climates. Derivatives from haplotype A1 probably appeared at that time. However, populations would have contracted to limited areas and would have been isolated from each other during the LGM because Hokkaido and Tohoku were covered with tundra and subarctic vegetation at that time (Yasuda and Miyoshi 1998) . This isolation resulted in the different haplotype compositions of each population.
Artemisia montana and A. indica var. maximowiczii shared common haplotypes, A1 and A2, so A. montana may have differentiated from A. indica var. maximowiczii at or after haplotype differentiation. Alternatively, sharing of chloroplast haplotypes between congeneric species may indicate hybridization and cytoplasmic introgression between them (Palme et al. 2004) .
From the central part of Japan to Chugoku and Shikoku regions, haplotype A1 was uniformly dominant, but rare haplotypes were found locally. These areas were covered primarily by coniferous forests (Abies, Picea, Pinus, and Tsuga) during the LGM (Yasuda and Miyoshi 1998) and the cool, temperate climate may have allowed large populations of Artemisia species to survive, which prevented newly derived haplotypes from becoming common by genetic drift.
Haplotypes besides the ones in groups A-E were found mainly in Kyushu (Figure 2 ). These haplotypes were putative ancestral lineages. This may be because several lineages migrated from the Eurasian continent to the northern coast of Kyushu via the Korean peninsula during the Pleistocene and the A1 haplotype expanded northward, although others remained in southern areas or expanded northward, eventually disappearing because of the genetic drift. DPR analysis showed that 3 Kyushu populations, P25, P26, and P28, were outlier populations. However, the Kyushu populations exhibited gradually changing haplotype composition from east to west ( Figure 5 ) and significant correlations between genetic and geographic distance between populations (Figure 4) . Therefore, low levels of gene flow may have occurred because populations P25 and P28 were located on small islands, and population P26 was located at the tip of a peninsula. Island populations often are small and isolated from their mainland Table 1. counterparts (Frankham et al. 2002) . Likewise, populations on the distributional periphery of a species remain separated from the primary range by ecological barriers to gene flow (Hampe and Petit 2005) . Therefore, geographical and ecological barriers would enhance the pattern of IBD.
The putative ancestral lineages were also detected in Kyushu region in other widespread pioneer species such as Miscanthus sinensis Andersson, and genetic differentiation was detected in M. sinensis between island and mainland populations in Kyushu region, although the total number of haplotypes detected from 636 M. sinensis individuals in Japan was one-third of that in A. indica (Shimono et al. 2013 ). These results indicated that both species have persisted for a long time in Kyushu region during the Pleistocene, and the unique haplotypes have been harbored owing to the complicated coastlines and the numerous islands in this region. By contrast, haplotype uniqueness was low in the above-mentioned temperate forest species in Kyushu region (Iwasaki et al. 2012) , although fossil pollen data suggested the existence of refugia in these areas during the LGM (Yasuda and Miyoshi 1998) . They mentioned that the present distribution of deciduous broad-leaved forests was limited to high-altitude areas in this region, and the population sizes of these forests were relatively small. Therefore, rare haplotypes in this region might be lost by the bottleneck after the LGM. Because A. indica and M. sinensis adapt to a wide range of climatic conditions, both species could have sustained persistently large populations in Kyushu region. On the other hand, 1 or 2 major haplotypes had a wide distribution in the north of Kyushu in both A. indica and M. sinensis (Shimono et al. 2013) .
Phylogeographical studies of widespread herbs in Japan are scarce. However, 6 studies on temperate forest understory plants (Veratrum album L. ssp. oxysepalum (Turcz.) Hultén, Kikuchi et al. 2010 ; Carex conica Boott, Yano et al. 2010 ), a grassland plant (Primula sieboldii E. Morren, Honjo et al. 2004 ), a coastal plant (Calystegia soldanella (L.) Roem. et Schult., Noda et al. 2011) , and pioneer plants (Polygonum cuspidatum Siebold et Zucc., Inamura et al. 2000; M. sinensis, Shimono et al. 2013 ) have been conducted. Among them, 2 species, C. soldanella and M. sinensis, show poor geographical structure, except for the geographically isolated populations. The G ST values were 0.466 for the coastal populations of C. soldanella and 0.432 for all the populations of M. sinensis; these values were similar to the value obtained for Artemisia (G ST = 0.544) in this study. Calystegia soldanella inhabits coastal sand dunes, and seed dispersal is accomplished by seawater. The seed can float in seawater for more than 18 months and remain viable, which allows long-distance dispersal. Noda et al. (2011) concluded that the lack of a phylogeographic structure for C. soldanella is attributable to long-distance seed dispersal. Similarly, the high immigration ability of these pioneer species may have prevented genetic differentiation among populations. However, the other pioneer plant, P. cuspidatum, shows a high geographical structure in spite of a small sample size (65 individuals; Inamura et al. 2000) . Polygonum cuspidatum is a dioecious and rhizomatous plant. It has become an exotic invasive weed in the ranges where it was introduced in the United States and Europe (Weston et al. 2005) . In Britain, all plants of this species appear to have been derived from a single female clone (Hollingsworth and Bailey 2000) , and seed production seems to be limited or absent (Weston et al. 2005) . Thus, the extensive spread of P. cuspidatum in Britain has apparently occurred vegetatively via rhizomes. This species commonly produces a lot of seeds in its native habitat, Japan. However, its dominant clonal growth may contribute to preventing the admixing of populations derived from different origins and maintaining the biogeographic patterns that were created during the Quaternary Era. In conclusion, high seed-dispersal capacity is likely a more important mechanism for weakening geographical structures than pioneer characteristics.
A large genetic gap exists between the 2 Kanto populations and adjacent populations (Figure 4) , although notable topographic barriers limiting gene flow were not evident in the surrounding areas. Haplotypes C1 and E2 detected in the outlier populations in the Kanto region were phylogenetically distant from the common haplotype A1. These indicate secondary admixture between allopatrically evolved populations (Avise 2000) . A phylogeographic study of deciduous forest species suggested the existence of important refugia in the Kanto region during the LGM (Iwasaki et al. 2012) . Therefore, the populations may be highly divergent from other populations as a result of prolonged isolation during the glacial period. However, refugia also existed in areas other than Kanto; therefore, the extreme divergence found only in the Kanto populations is unusual. Even if the distinct lineages evolved during the glacial period, it is unusual that the lineages have not expanded more widely after the period because Artemisia species are fast-growing pioneer species of open habitats. Moreover, other haplotypes belonging to groups C and D were also detected in one individual each in Hokkaido where the other haplotypes were A1 and close relatives. This sporadic distribution is unlikely to have been caused by natural processes. Therefore, the geographic distribution pattern of these haplotypes may be due to largescale use of commercial sources for re-vegetation during the last few decades. We carefully chose sampling sites that were far from re-vegetation sites in this study; however, individuals derived from those that have escaped from re-vegetation sites may have been sampled.
We found that the haplotype compositions in individuals from the commercial sources were different by the lot, and haplotypes belonging to groups C-E were also detected in the commercial sources. Artemisia species are distributed all over China (Wu et al. 2011 ). Although we have no information about the places from where the commercial samples were collected, the results we have obtained indicate that there is a variety of lineages in China, and the collection sites would be different for each year, resulting in various haplotype compositions among different lots of commercial samples. In fact, phylogenetically diverse individuals have become established in a re-vegetation site, and individuals with haplotypes belonging to group C were frequently detected in the site (Shimono, unpublished data) . Populations P11 and P13 were located in the national parks close to Tokyo, the capital city of Japan. Large numbers of tourists visit these areas, and road maintenance and improvement occur every year. Consequently, re-vegetation has occurred more frequently here than in other areas, increasing the chances of individuals escaping from re-vegetation sites. Population P13 had only haplotype C1, although re-vegetation materials are believed to include diverse lineages. A genotype adapted to local conditions might dominate there. Further genetic analysis of samples from commercial sources and individuals established at re-vegetation sites is necessary to confirm the escape of exotic Artemisia species.
Phylogenetically discrete populations have their own distinct histories and are uniquely adapted to distinct environmental conditions (Moritz 1994) . Wind pollination in Artemisia species (Barney and DiTommaso 2003) could promote hybridization with exotic individuals, and there is a risk of damaging locally adapted gene complexes (Keller et al. 2000; Hufford and Mazer 2003) . Therefore, careful attention should be paid to large-scale use of commercial sources for re-vegetation.
Funding
Ministry of the Environment, Japan, for "Effects of plants used for revegetation on biodiversity and development of an assessment method to prioritize their control."
